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Abstract 

Background: In this article presents a comprehensive overview of the 

literature on the analysis of shear deformable isotropic, laminated 

composite, and sandwich beams under bending based on comparable 

single layer theories, layerwise theories, zig-zag theories, and exact 

elasticity solutions. Additionally, a review of the literature on laminated 

and layerwise beam finite element modelling based on traditional and 

advanced theories is also done. For the benefit of other researchers 

working in this subject, the displacement fields of several equivalent 

single layer and layerwise theories are compiled in the current study. 

Keywords: Displacement, Laminated beam, Temperature effect, Shear 

Deformation Theory. 

 

Introduction:  

A composite is a material made of two phases that are blended in precise proportions to 

obtain certain technological and physical properties. The two phases are typically a 

reinforced material supported in an ideal organisation. As a result, a composite material is 

any substance that combines two or more phases. Due of their size and comparatively low 

weight, composite materials are arguably the most widely used building materials in 

industries like mechanical design. The materials used to create composite materials have 

structure and strength. Boay and Wee [1] presented to determine the practical flexural 

modulus of laminated composite beams, a closed structure articulation is used. The bowing, 
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clasping, and free vibration reaction of mostly laminated composite beams with various limit 

underpinnings are affected by this effective flexural modulus. Utilising a combination of the 

Euler-Bernoulli beam and traditional cover theory, the articulation was produced. The 

diagnostic model is also approved using the findings of a thorough finite component analysis. 

The analysis of the logical conclusions, the finite component conclusions, and the exploratory 

conclusions revealed strong connections. Additionally, it is clear that coupling reaction is a 

crucial factor that must be taken into account when calculating the effective flexural stiffness 

of a primarily laminated beam. Pagano [2] presented unquestionably versatile solutions for 

composite overlays in tube-shaped bowing. We consider a unidirectional overlay as well as 

two- and three-layered cross-handle covers that are subjected to sinusoidal load. The 

temperature analysis of composite plates has made use of the conventional overlay theory. It 

is, in any case, just accurate enough for light composite overlays. The laminated plate 

theories based on the Kirchhoff’s theory have been developed by Reddy [3] and Timoshenko 

[5]. Khdeir and Reddy [4] presented the analysis of symmetric and antisymmetric cross-ply 

laminated beams using classical, first-order, second order and third-order theories. Arya [6] et 

al. presented a laminated composite beam zigzag model. The theory satisfies the continuity 

condition at the layer interface as well as the shear stress free conditions at the top and 

bottom of the layer. Murty [7] detailed a third order beam theory with unconventional 

(nonlinear) crucial temperature and transverse shear strain. According to this theory, 

constitutive relations can be used to obtain the explanatory transverse shear temperature 

dispersion throughout the depth of the beam. Maiti and Sinha [8] introduced the higher order 

theory-dependent restricted component investigation of symmetric and asymmetric thick 

layerwise beams. Li and Hongxing [9] presented a uniform layerwise composite beam's 

unique powerful firmness grid is based on the trigonometric shear distortion theory. The 

broadness bearing stresses are taken into account when determining refined laminated beam 

constitutive conditions. By understanding the administering differential conditions of 

movement that represent the theories of laminated beams as indicated by the trigonometric 

shear disfigurement theory, which incorporates the sinusoidal variety of the hub relocation 

over the cross area, the dynamic solidity framework is defined simply and accurately. Swift 

and Heller [10] studied by allowing layerwise constant shear strains and continuous 

transverse displacement through the thickness in laminated beams. Timoshenko beam theory 

is being used layer by layer here. We introduce the effects of a sine-stacked, two-layered, 

asymmetrically stacked graphite epoxy beam with fundamental backings. Ozutok and 

Madenci [11] studied By using Gateaux differential for laminated composite beams, it is 

possible to acquire the thought-of combined limited component conditions that are dependent 

on a practical, and higher order shear disfigurement theory, which includes nonlinear shear 

worry circulation through layerwise beam thickness, is also introduced. From a virtual 

removal guideline, different field conditions of composite beams are obtained. These 

conditions were transformed into the administrator structure using the variational strategy's 

scientific preferences, and utilitarian with geometric and dynamic limit conditions was 

obtained after it was discovered that they support the potential condition by the GD method. 

Based on this practical, a beam component called HOBT10 with 10 degrees of opportunity is 

identified using MFEM. There are minutes for removal, pivoting, bowing, and higher level 
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bowing. Hasim [12] investigate an effort has been made to use enhanced crisscross theory to 

conduct an isogeometric static examination of layerwise composite plane beams. In this 

study, an isogeometric refined crisscross limited component  has been developed in place of 

the traditional limited components, which rely on polynomial shape functions. This allows for 

the legitimate acquisition of the specific beam geometries from the CAD software 

Rhinoceros. The improved crisscross theory has been introduced to reduce processing effort 

and make IGRZF independent of the number of layers taken into account. An internal 

Mathematica algorithm that has been used to implement the previously specified restricted 

component can handle thin and thick beams without the need for shear bolting and does not 

require shear repair factors. Different sandwich beams have been dissected using this 

methodology, and the acquired results are compared to other solid distributed results for 

various viewpoint proportions and bolster types.   Ali et al. [13] introduces a fresh higher-

order hypothesis based on relocation. It has been demonstrated that the concept, which is 

based on actual removal alternatives, is quite accurate for even thick overlays and any 

combination of mechanical and thermal stacking. The importance of several higher-order 

terms in the proposed hypothesis is explained with reference to a particular mathematical 

model. Bhaskar et al. [14] presented the specific problems of flexure of composite overlays, 

arrangements are implemented inside the straight uncoupled thermoelasticity structure. 

Mathematical benchmark results are arranged to help with approval or in any other situation 

with predicted overlay models. Finally, in light of Kirchhoff's theory, these results are used to 

examine the accuracy of the conventional cover hypothesis.  Carrera [15] compares Reissner 

Blended Variational Hypothesis was used to study the thermal response of orthotropic 

overlaying plates using blended hypotheses, which were based on the previous  Virtual 

Removals Guideline. Assumed layer-wise (LW) and equivalent single-layer (ESL) modelings 

have been produced for both traditional and blended procedures (each layer is taken into 

account as a single plate for LW examination, while the obscure factors are free of the 

amount of the constitutive layers for the ESL scenarios). Direct up to fourth-arrange 

dislodging and stress field examples were used to determine the thermomechanical 

administering circumstances, which were predictable using the used variational justifications. 

Every theory has been introduced in a logical sequence by making references to the author's 

most recent goals. A properly supported plate packed with in-plane temperature fields that 

moved in lockstep was the only object of the mathematical analysis. There have been studies 

on stable and straight through-the-thickness temperature appropriations for which accurate 

three-layered configurations are available. The impacts of in-plane and out-of-plane 

uprooting and stress components are shown in tables and diagrams. It has been proven that 

PVD detailing is less popular than mixed detailing. It is anticipated that there would be a 

bigger requirement for layer-wise advancements for the obscure factors in order to accurately 

display the thermomechanical reaction of thick distinct plates. The thickness temperature 

distributions T(z) have been shown to have an impact on the accuracy of hypotheses. Carrera 

[16] work investigates in depth the models and techniques that are currently in use for 

evaluating cross over shear and common concerns in complex orthotropic plates. 

Comparisons are made between cross-over issues estimated using an expected temperature 

model (where implemented) and those calculated using 3D endless equilibrium equations and 
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Hooke's law. In light of blended displays and expected through-the-thickness relocation 

fields, which were predicted by Reissner's blended variational hypothesis, traditional ideas 

are taken into account. Both Layer Wise Models (LWMs) and Identical Single Layer Models 

(ESLMs) have been studied. Straight up to fourth N-order developments in the thickness 

layer/plate heading have been achieved for the given removal and stress fields.  In order to 

compare hypotheses illustrating purported crisscross effects and accounting for interlaminar 

unceasing cross over costs with actual cases that neglect crisscross and abuse interlaminar 

equilibrium. Mathematical analysis was done to determine how orthotropic plates that had 

just been supported twist. ESLM accuracy remains dependent on cover spread, plate 

thickness, and two-layered exhibiting. It is essentially suggested that N-order increasing, 

layer-wise inquiry might supply spectacular deduced as well as deduced portrayals of 

transverse stresses of overlay good and bad plates. The inaccuracy in calculating cross over 

shear stresses using the three approaches hardly depends on the percentage of the plate 

thickness. Carrera [17] covers a development of the original creator's work on the two-

layered demonstrating for the thermal temperature testing of different composite plates. The 

governing conditions are written with reference to the combined decreased details. These 

conditions were attained in a structure (layer-wise models and related single layers models) 

that is unaffected by the order for thickness plate bearing z development or by factor 

depictions. Traditional and cutting-edge blended hypotheses based on the Reissner blended 

variational hypothesis are both taken into consideration. Both are based on the rule of virtual 

relocations. As a result, a variety of theories are found and examined. Instead of being 

accepted straight in the z-direction, the temperature profile towards the path is determined by 

taking into consideration the hotness. Precise shut structure arrangements have been 

established for the situation of in-plane symphonious appropriation of relocations, cross over 

temperature variables, and temperature fields. Then, to address issues with temperature 

dispersion that was uniform, three-sided, bitriangular, and constrained in-plane, the Fourier 

development was used. Sometimes, more than 25 theories were looked at. The effects of 

cross over shear disfigurement, crisscross type uprooting fields, and interlaminar congruity of 

cross over burdens (both shear and typical components) have been investigated in the systems 

of both old style and blended theories. Ghugal and Kulkarni [18] present the removals and 

stresses of cross-handle layerwise plates exposed to a nonlinear thermo-mechanical burden 

that is continuously circulated using a similar single-layer shear disfigurement theory. The 

premise of the hypothesis is geometrical shear misshapening. The in-plane uprooting field 

has a sinusoidal capacity as far as the thickness direction to take the shear twisting influence 

into consideration. The idea satisfies the shear calm limit criteria on both the top and bottom 

sides of the plate. The proposed hypothesis does not require a shear rectification factor. The 

supervising conditions and limit states of the hypothesis are determined using the rule of 

virtual work. When exposed to a nonlinear thermo-mechanical load, orthotropic, two-layer 

antisymmetric, and three-layer symmetric square cross-handle overlay plates experience 

stresses and relocations. We compare the mathematical consequences of the present theory 

for heated and dislodged loads with those of first-order and higher-order shear deformity 

beam theories of the past. Ghugal and Kulkarni [19] worked for orthotropic, two-layer 

antisymmetric, and three-layer symmetric square cross-employ overlay plates exposed to 
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nonlinear thermal stresses throughout the thickness of laminated plates, thermal stresses and 

displacements are calculated using the geometrical shear deformation hypothesis. The in-

plane dislodging field has sinusoidal capacity in terms of thickness coordinate to account for 

the shear twisting influence. The theory satisfies the shear quiet limit requirements on the top 

and bottom sides of the plate. The proposed hypothesis does away with the need for a shear 

modification factor. The administering conditions and limit states of the hypothesis are 

acquired using the standard of virtual labour. The validity of the current type plate theory, 

first order shear misshapening hypothesis, and higher order shear disfigurement hypothesis is 

assessed by comparing the results to those of the previous hypotheses. Ghugal and Shimpi 

[20] investigated review of displacement- and stress-based revised hypotheses for isotropic 

and anisotropic layerwise plates is offered. The merits and cons of various single layer and 

layerwise plate configurations are examined. From any location, definitive flexibility 

solutions for plate issues are referred to. Some basic issues with the plate hypothesis are 

discussed in light of the literature review. Kant and Gupta [21] performed First, a higher 

order shear-deformable beam model's premise is developed. Its foundation is a higher order 

dislodging model that combines separately the cross over shearing strain across the beam 

thickness and straight and quadratic cross over ordinary strain. The effects of the cross over 

ordinary and shear stresses are recalled for the purpose of understanding the constitutive 

regulation of the material. The twisting of the cross over the conventional cross-section of the 

beam is taken into account by the numerical model. The choice of a shear remedy coefficient 

does not arise in a first-order shear deformable Timoshenko hypothesis. When this idea is 

presented, an instant two-node limited component model is created. The static and free 

vibration implications of this theory are discussed and compared with those of the Euler and 

Timoshenko hypotheses for a variety of limit and stacking situations. Kant et al. [22] 

presented a scientific justification for the consistent, repeated evaluation of composite and 

sandwich radiates is provided in light of a more sophisticated theory. This theory clearly 

illustrates the twisting of cross area and does away with the requirement for a shear 

adjustment coefficient by unifying the fundamental characteristics of cubic hub, cross over 

shear, and quadratic cross over ordinary strain sections. Additionally, it asserts that the 

lamina's layers are orthotropic and exist in a two-layered plane temperature state. The 

harmonic requirements are derived using Hamilton's rule. The results of good and bad areas 

are examined mathematically, and conclusions are drawn. Vidal and Polit [23] studied two 

new three-hub beam limited components, along with the cross over typical impact, are 

intended for the study of layerwise radiates in the structure of a sine model family. For the 

redirection, they rely on a sine dispersion with layer refinement and a second-order extension. 

Instead of using shear revision factors, the cross over shear strain is obtained using a cosine 

work. This kinematics depicts the limit conditions on the top and lower surfaces of the beam 

as well as the interlaminar congruity constraints at the locations where layers intersect. 

Utilising Lagrange and Hermite insertions, an adjusting FE approach is finished. It is crucial 

to understand that the number of questions is independent of the number of layers. Soldatos 

and Watson [24] studied the four-level opportunity beam concept is presented first, taking 

into account the effects of cross over shear and conventional deformities. On the basis of this 

novel concept, it then proposes a method for the exact temperature analysis of homogeneous 
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or multilayer composite beams exposed to erratic edge limit circumstances. In the new beam 

hypothesis, each of the two enigmatic dislodging components is connected to one of the two 

general shape works. After assigning simple specific structures to these form capacities, the 

vast majority of the popular old-style and variationally steady refined beam models may be 

acquired as specific situations. These are created by introducing temperature circulations 

brought on by the frequently employed single-levels-of-opportunity beam removal field into 

the appropriate conditions of three-layered flexibility, which are then set for essentially 

supported edges. The process then produces the special flexibility arrangement developed for 

the hollow bowing problem of simply supported infinite strips, which is thought to provide an 

excellent choice of both shape capabilities. Two different models are investigated to show the 

examination's capacity. These are used to test the temperature of composite beams that are 

homogeneous or layerwise with one edge rigidly clipped and the other edge directed or 

released from the outer footings.  

Conclusion 

On the basis of the literature review, the conclusions and recommendations below are 

offered. 

1. It is difficult to analyse laminated composite and sandwich beams using two-dimensional 

elasticity theory, improved shear deformation theories for beams have been developed, which 

reasonably well approach the two-dimensional elasticity solutions. 

2. The effects of interlaminar continuous transverse shear and normal stresses are both taken 

into account in a multilayered beam theory, any modifications of classical models are often 

worthless. 

3. The Carrera's Unified Formulation can be used to create a number of identical single layer 

theories. As a result, the majority of the displacement-based equivalent single layer theories 

examined in this work are specific instances of Carrera's Unified Formulation. 
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